Rn decomposes by alpha particle emission into charged progeny, which attaches to air or water particles, just like all radon isotopes. Radon isotopes can cause DNA damages in sensitive cells since they are readily inhaled. This is because of their ability to penetrate deep into the respiratory tract. Its exposure was initially associated with lung cancer incidence in underground miners [4] [5] [6] [7] . Additionally, this has caused a growing interest in the study of radon's effect on human health since it has been globally identified as a common indoor-air contaminant with carcinogenic properties. This has led to measuring radon concentration indoor in many countries around the world (specifically in buildings) to accomplish policies and regulation requisites [8] [9] [10] . Given that the robust relationship between underlying geological formations and building structures enhances the level of indoor radon, its concentration inside buildings has been studied in line with the radon gas from soil and construction materials [11] .
Review Methodology And Study Outline
This paper involves conducting a review of indoor radon sources and effects by reviewing around 70 articles in this topic. First, it provides an overview of radon sources and transportation mechanism. In addition, it discusses the geographic and climate factors of radon distribution. Then, it focuses on evaluating radon risk and human exposure in addition to its environmental impact. We then present appropriate mitigation measures for this issue. To this end, several gaps in this topic are highlighted as possible research interest areas and then the study is closed by several concluding remarks.
Introduction
Radon (Rn) is obtained in the air as gas phase. It is a radioactive component that eventuates naturally and emanates from the decomposition of uranium-238 and thorium, all present in the earth's are assessed by radiometric surveys in the mapping of areas of high radon concentrations [13, 14] . The radon gas originates from soils and amasses in small building areas. Measurements take into account radon gas concentration itself as well as soil permeability. The European Commission in 1990 recommended the reference levels of 400 Bq/m 3 and of 200 Bq/m 3 for prevailing and subsequent buildings respectively [4] . 222 Rn levels inside a structure closely correspond with the Uranium content of the latent strata. Vital contributors to the radon content of indoor-air are bedrocks such as granite, clay and carbonated rocks [4] . Figure 1 showed the Uranium exposure based on different kinds of bedrock.
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Additionally, karstic limestone formations can also serve as a means of radon travel into structures, irrespective of the fact that they are highly fractured [7] . Therefore, the ground is the significant source of radon in buildings. Basements are more exposed to radon elements due to their limited ventilation and closer contact with the ground as collated to other parts of the building [15] . Several researchers have confirmed that there is a strong relationship between uranium concentration in the soil and the level of indoor radon concentration [11, 16, 17] .
Construction materials:
Another crucial source of indoor radon is the building materials. This happens particularly when granite rocks are utilized, as in the case of Galicia in Spain, which has the highest mean radon concentrations measured at 118 Bq/m 3 , which is double the average concentration in Spain as a whole, due to its geologically fractured soil [4, 14] . According to Denman et al. [18] a study done in the UK in 2007 exhibited that the content of radon in building materials leads to a heightened level of radon in many houses. Additionally, it is eminent from a further study that pores and cracks in concrete blocks may also amplify exposure to radon [12, 19] . Figure 2 is shows the main entrance routs for radon at home where A is pointing to a crash in concrete slabs; B is showing empty point behind block veneer walls that stand on hollow; C is showing openings in concrete blocks; D is showing floor and wall junctions; E is soil; F is drain from open sump; G, mortar joints; J, building materials, such as some rock; K, water (from some wells).
Other Sources: Diverse studies to examine the sources of radon exposure have been conducted across the globe. As a matter of fact, the existence of radon in tap water raised the levels of indoor radon vulnerability by 100 Bq/m 3 [4] . The data collected recently have been contrasted to show that spas and thermal baths have become the major sources of waterborne exposure [12] . However, water and spas are not the only predominant sources of exposure. Depending on the lithology and altitude of structures, indoor radon levels also differ. Kropat et al. [20] has performed a study that manifested that carbonate rocks in Alps emits less radon as compared to carbonate rocks in Jura. The study substantiates the concept that there exists a linear correlation between indoor radon concentration and outer altitude.
Radon transport mechanism
Porous and isotropic sand play important roles in radon transportation to building material. First, diffusive transport where the movement of radon will be based on differences in radon concentration is considered as main processes to be exposed to radon atoms that are available in sand over the walls in houses. Secondly, the movement of radon atoms by wind blooms which is called advective transport. Advective transport mechanism allows radon to enter the building through porous media for example, porous concrete made from sand. In addition, it plays an important role to transport radon atoms from soil further to buildings and living areas [21] . Figure 3 demonstrates radon transport mechanism the ∆C= change in radon concentration and ∆P= change in pressure.
The diffusive movement of radon atoms can be described by [21] . 
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Geological and climatological aspects
The World Health Organization (WHO) has developed a survey to measures the concentration of radon around the world based on the data collected from The United Nation Scientific Committee on the effect of atomic radiation 2000 (UNSCEAR 2000) and literatures. Figure 4 showed the radon concentration around the world [22] . The map showed that the level of radon in The Kingdom of Saudi Arabia is around 7-50 Bq/m 3 , while it increases in Europe and America to the range of 20-104 Bq/m 3 .
There is a strong relation between geological and climatological features with radon level in air. A study conducted in Brazil (2003) showed that there are some differences in radon concentration in seasonal and daily prospective. The study showed that there is an inverse correlation between outdoor air temperature and radon level in air, in which radon level is higher in the early morning with gradual decrease till the noon. In addition, the study recorded higher level in winter comparing to summer linked with an inverse correlation with rainfall [23] . The results were in line with the study conducted by Gopala krishnan et al. [24] in India whose study showed higher level of radon in winter.
In general, several studies conducted in this field proved the association between radon concentrations and geological factors. The concentration of indoor radon in Cambrian to Lower Devonian found to be high and medium due to bedrock type soil while in Jurassic showed medium level [25] . Figure 5 showed the concentration of radon in Belgium.
Impacts of radon pollution
Radon health impact: Besides smoking, the World Health Organization reported that radon is the leading lung cancer cause accounting for up to 14 percent of cases globally [8] . Every year, Canada associates about 3,000 deaths with exposure to radon [26] . The United States Environmental Protection Agency (2016) estimates that about 21,000 people die from lung cancer associated with exposure to radon [27] . In the United Kingdom, a study by Gray et al. [28] showed that approximately 1,100 deaths are linked to exposure to radon. Exposure to radon even in small quantities could cause lung cancer. However, there exists no evidence providing the minimum exposure level that is acceptable without posing risk [29] . Altogether, numerous smokers who might not have contracted lung cancer might suffer from lung cancer due to exposure to radon. This is because cigarette smoking and lung cancer have been found to have a synergistic relationship as a lung cancer cause [30] .
Humans suffer exposure from radon through four principal methods. These include ingestion, inhalation, injection, or absorption [31] . Upon groundwater percolating via uranium-rich rocks, it contains huge radon gas levels, which the public then ingests through drinking water. In addition to ingestion, human beings are exposed to radon through inhalation. Thus, groundwater presents with two exposure pathways. These include inhaling air containing radon that groundwater releases and drinking water [31] . However, rock and topsoil beneath the ground are considered the main sources of human exposure to radon-progeny in homes [14] . Akbari et al. [32] explain that population exposure to radon normally happens indoors. This is particularly common in small dwelling spaces although the exposure level differs by location. This variation in levels depends on building construction materials, ventilation, geological elements, and the atmospheric conditions indoors. Radon gas levels can accumulate indoors particularly at the lower building levels.
The spontaneous decay of radon atoms into radioactive atoms causes the release of radioactive atoms. These atoms are popularly known as radon progeny [33] . Upon inhalation, radon's radioactive decay products could stick to the cells that line up in the lungs. This exposes the bronchial epithelial cells, which are quite sensitive, to alpha radiation. This exposure has the potential to trigger lung cancer [34] . On the other hand, inhaling high levels of radon can trigger mutation of the DNA (Deoxyribonucleic Acid) being a radioactivity source. This increases cancer risk through deposition of decay products within the epithelium of the lungs [35] . It is noteworthy that inhalation of high concentration levels of radon for long periods is what poses a greater risk to lung cancer [36] . Radon is nearly exhaled completely after being inhaled because it has a long half-life of about 3.82 days and is an inert gas. On the other hand, its progenies and especially its electrically charged daughters, 214Po and 218Po have short half-life can attach to particles of smoke or dust in indoor air. The inhalation of these particles causes their movement to the lungs. It is upon decay that they irradiate the tissue damaging cells to increase the risk of getting lung cancer [8] . The lung cancer fraction associated with radon indoor pollution ranges from 3 to 14 percent. This percentage depends on the average concentration of radon within the concerned country and the methods of calculation [8] .
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Globally, numerous epidemiological research studies estimating the relationship between lung cancer and in-house exposure to radon in general populations have been completed. Nonetheless, the evidence about the link between residential exposure to radon and the risk of getting lung cancer is not conclusive [36] . A fair summary of these studies has been presented in the three meta-analyses completed by Zhang et al. [37] , Pavia et al. [38] , and Lubin et al. [39] in three different decades. In all these three meta-analyses, a significant positive relationship between lung cancer risk and radon indoor. More recently, the meta-analysis by Garzillo et al. [36] focused on case-control studies only to ensure larger global coverage. The findings showed evidence of strong correlation between residential radon exposure and increased lung cancer risk.
Domestic radon exposure and risk of childhood cancer
Several studies have been conducted concerning domestic radon exposure and the risk of childhood cancer. However, the findings of such studies have not been consistent. For example, Raasschou Nielsen et al. [40] conducted a case-control study covering 922 cases of cancer in the Central Nervous System (CNS) and 1,153 leukemia to investigate the role of domestic radon in childhood cancer in Denmark. Their findings demonstrated that exposure to indoor domestic radon had an association with increased risk of lymphatic leukemia. However, there were no other significant correlations reported between exposure to indoor domestic radon and other childhood cancers. This study by Raasschou Nielsen et al. [40] was the only one found reporting an association between childhood cancer and domestic radon exposure over the past 10 years.
Most of the other studies have reported no evidence of an association between childhood cancer and domestic radon exposure. For example, Hauri et al. [41] conducted the first known cohort study for 1,332,944 children below 16 years living in Switzerland and based on the census data of 2000. Their study period had 258 CNS cancer and 283 leukemia cases. Using a nationwide model for predicting radon developed from 35,706 measurements of radon, they estimated radon exposure based on the home address of the children. Although the study lacked the children's residential history for those born before 2005, the average concentration of radon was 77.7 Bq/m 3 (Becquerels per cubic meter). In the end, indoor domestic exposure to radon was not found to be related to childhood cancer risk.
In their case control research, Kendall et al. [42] also investigated the role of radon exposure on childhood cancer with focus on leukemia in the Great Britain. Their study population comprised 36,793 cases of cancer, among which CNS tumors and lymphoid leukemia were 7,267 and 6,585 respectively. Estimates of radon exposure were based on the residence of the mother at childbirth and computed based on a predictive model comprising 460,000 dwellings. Upon grouping the radon findings based on geological boundaries and subsequent 1 km grid squares, they reported a 21.3 Bq/m 3 concentration of radon. However, the findings showed that neither childhood cancer nor childhood leukemia were associated with domestic indoor exposures to radon.
Peckham et al. [43] investigated the relationship between childhood cancer risk and exposure to residential radon. They used childhood lymphoma incident in Texas based on 2,147 cases obtained from the Texas Cancer Registry for the years 1995 through 2011. The researchers sourced the regional average of radon concentrations from the Texas Indoor radon Survey and connected this to area of residence during diagnosis with cancer. Their finding showed no relationship between residential exposure to radon and Burkitt lymphoma, Hodgkin lymphoma, and lymphoma in general. The conclusion was consistent with that of other studies indicating inadequate evidence for the existence of a negative or positive association between childhood cancer and domestic exposure to radon. In brief, two cohort-based studies (37 and 39) and the case-control study by Kendall et al. [42] did not find evidence to indicate that domestic exposure to radon increases the risk of cancer in children. The only study that found a correlation between domestic exposures to radon was the case-control study performed about a decade ago in Denmark by Raasschou-Nielsen et al. [40] .
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From the review in this section, it appears that the most common approach is the use of individual data and radon prediction models. This is possibly so because the incorporation of radon prediction models is likely to enable the inclusion of a bigger children population thereby reducing the occurrence of selection bias. However, it is noteworthy that different studies relied on different methods of determining residence. These included residences of the mother at childbirth (38), residence of the child at the time of diagnosis (38) , and general residence data [41] .
Radon's environmental impact
The most immediate environmental impact of radon is the contamination or pollution of water and air quality [44] . Areas that have higher risk of indoor radon have shown an association with locations that are known to have high volumes and levels of radon activity in the soil underground. Radon in the underground soil affects the indoor activity level of volumetric radon at a large scale. There is need to acknowledge that radon being an inert gas is subject to influence by numerous factors that could change as it moves from its original place due to the activity of volumetric radon [45] . Some of the most important factors that affect the rate of radon infiltration and effect on the environment include soil permeability, moistures, and porosity, the diffusion coefficient of radon, rate of airflow in gaps, the area of soil contact, change in rate of air, room volume, and pressure variation between the ground surface and air trapped in soil pores [44] .
The existence of radon, and especially its most stable isotope, 222 Rn, in water sources such as rivers, underground water, raindrops, springs, and lakes poses the risk of water contamination as an environmental impact [46] . The 222 Rn density varies in different underground water conditions. This mainly depends on numerous factors including meteorology, hydrology, geology, amount of parent radionuclides, and the nuclides absorbed by soil and rocks [47] . Geological factors like faults (structural parameter) and lithology are among the most crucial variable factors that determine the solubility of radon in water [48, 49] . This explains the rationale for ranking the existence of faults close to water resources as critical in determining the concentration levels of radon and the potential environmental impact [50] .
Various studies have reported different environmental impacts of radon on soil and water in different countries and regions. For example, Al-Nafiey et al. [51] reported a mean of between 0.21 Bq/l and 0.297 Bq/l in water for irrigation in Cameron Highland although this was within the acceptable limits of domestic and agricultural use. M. Shakir Aswood et al. [52] investigated the concentration of radon in a soil sample obtained from Cameron Highland and reported a high concentration level of 198.44 Bq/m 3 . Aswood et al. [53] reported the highest radon concentration levels in phosphorous samples (634.01 Bq/l) and the lowest in cow dung manure at 79.25 Bq/l. Saidi et al. [54] reported a highest radon concentration average of 14.7 Bq/l in well water for irrigation and drinking while tap water had a mean of 5.37 Bq/l radon concentration.
Measurement of radon indoor concentration
Since it was shown that radon indoor concentration would expose human health to different levels of risks, it is of critical importance that its concentration shall be measured. Several works have demonstrated theoretical and experimental methods for radon indoor concentration in some countries around the world. One of the interesting groups of research in this field is reported by Singh et al. [55, 56] , S. Komal et al. [57] , BS Bajwa et al. [58] . In their recent work, Singh et al. [56] have reported on the calculation of indoor radon concentration calculations in selected South-East Haryana, India. Those dwellings were mainly made of mud and wood as building material. The authors used a three dimensional semi-empirical model to predict indoor radon concentration with theoretical calculations. This theoretical work was validated with experimental measurements over three different building materials to analyze radon exhalation diffusion length along with physical dimensions of observation area to calculate indoor radon concentration. The three building materials investigated were mud, brick and cement from which houses are constructed locally in South-East region of Haryana.
The experimental work to carry out radon exhalation from the building materials was conducted via an active measurement technique. This method involves the utilization of a scintillation radon monitor (SRM) as shown in figure 6 [56].
The results showed that radon concentrations obtained via the prediction model have slightly varied from the experimental measurements due to different actual ventilation rates in the dwellings included in the study. Despite this slight variation, all models showed good linear correlation with the measured concentration values. Some of the experimental data obtained is shown in table 1.
In a follow up study, Singh et al. [55] attempted to update the old radon data available for Hamirpur district in India by measuring the concentration of indoor radon, thoron and their decay products using the newly developed radon /thoron discriminating diffusion chamber with single entry face (Figure 7) , direct radon and thoron progeny sensors (DRPS/DTPS), respectively [58] .
The measurements have been carried out in 75 dwellings of 14 different villages and the results showed that high values of earlier reported radon concentrations were mainly due to thoron interference in the Solid State Nuclear Track Detector. Nevertheless, to correlate the measured average concentrations with human health impact, it was found that the measured values are within the reference levels reported for the annual inhalation dose recommended by International Commission on Radiological Protection (ICRP).
The results of the average radon concentrations obtained by Singh et al. [58] were almost 8.5 times less than the values reported earlier Figure 6 : radon exhalation mass experimental set-up using SRM (Scintillation radon Monitor) [56] . 
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Mitigation Measures
Various authors (Lichtenstein et al. [59] , WHO [8] and Larsson et al. [60] ) have discussed different approaches for reducing radon and mitigating its effects. The review of existing literature led to the identification of several approaches for reducing radon exposure. However, the WHO (2009) Handbook contains a summary of six protection measures against radon. These include active and passive depressurization of the soil, surface sealing, membranes and barriers, and ventilating occupied and unoccupied spaces. After analyzing various measures, the most effective standalone measure for preventing radon within airtight constructions is the installation of active subslab systems of depressurization.
On the other hand, some researchers [61] have shown that the failure rate of radon -proof membranes is worryingly high. This is because such radon-proof membranes often result in levels of radon that exceed the level of action. Thus, Pacheco Torgal et al. [62] recommended ensuring that the radon barrier is adequately airtight at the building ground. This is achievable by making sure that feedthrough and joints are airtight and avoiding perforations. Similar to this recommendation, Arvela et al. [63] details the inclusion of elastic sealants and bitumen felt together with perforated pipe to lower the pressure of radon as a means to ensure such air tightness. In addition, Arvela et al. [63] indicated that the use of sub-slab piping coupled with an operating fan is efficient in preventing radon. This is because about 80 percent of the houses that had sub-slab piping and operating fans recorded concentration levels of radon below the 200 Bq/m 3 action levels.
Groves Kirkby et al. [64] found that using the traditional sump technology alongside fans for remediation after construction was considerably effective in lowering the concentrations of radon on the one hand. On the other hand, installing radon-barrier membranes at construction did not offer enough protection from radon throughout. Specifically, this failed to lower the concentration levels of internal radon to less than the 200 Bq/m 3 thresholds. However, Abdelouhab et al. [65] showed that Soil Depressurization Systems (SDS) is quite effective in lowering the concentrations of radon. However, mechanical SDS costs more than passive SDS.
The removal of fine particulates from air has also been discussed as a radon protection and reduction method. In an early study [66] it has been demonstrated that air cleaners had the capacity to reduce radon Decay Products (RDP) by between 72 and 89 percent. Later on, Yasouka et al. [67] showed that an air cleaner with filtration and one that has both filtration and carbon filter reduced RDP significantly. According to Larsso et al. [60] , mechanical filtration that involves the use of console or portable air cleaning is also a viable option with potential for reducing exposure to radon [62] . This argument is in line with the findings by Hinds et al. [66] , which showed that using a console fan reduced RDP by up to 64 percent whereas using ceiling fans achieved a 54 percent RDP reduction.
In a recent study, Blanco Rodríguez et al. [68] described the process of implementing systems to militate against radon in a radioactivity laboratory. They chose the positive ventilation solution, which comprised two fans blowing filtered, fresh air into the room where measurement was performed. They followed the approach of pressurizing to hinder the entry of radon and dilute it, as used by Sciyyer et al. [69] . They also installed air condition to work with the fans to enable the reduction of radon concentration and allow for repeat of conditions for the measurements. This resulted in a 76 percent reduction of radon concentration rendering enhanced positive ventilation a viable method for preventing exposure to radon through dilution and reduction [69] . 4 gaps and areas of further research.
Based on the above findings, it is clear that there are shortages and gaps in the research on radon in the several areas around the world such as The Gulf Countries Council (GCC). For instance, studies such as measurement of radon concentration in residential buildings and homes need to be conducted to measure the actual level of radon in those areas. In addition, a study conducted by Iglesias et al. [4] showed that tap water is major sources of radon; hence it is of critical importance that radon concentration in tap water should be evaluated. Furthermore, the exposure of radon at work or work-related radon exposure needs to be assessed. Over all, in the future studies it will be important to focus on the radon contaminated food and assess the relation between human exposures through contaminated food.
From the literature reviewed under the previous sections, there appears to contentions over the most effective approaches towards preventing or mitigating radon. However, the use of Soil Depressurization Systems whether passive or mechanical and the positive ventilation approaches seem to be the most preferred. Yet, as the study by Blanco Rodríguez et al. [68] shows, there is still room for advancing these two approaches. Evidently, all the research conducted on mitigating radon has been in the Western context. This means that Table 1 : Measured exhalation rates, density and radon diffusion length of various building materials used in study [56] . the findings of such places are not generalizable or readily applicable to other geographic zones such as the Gulf region. This is because the concentration levels and density of radon have been shown to be affected by geological zoning and weather, which differ by location, as shown in this review. Although several radon mitigation measures have been fronted in literature, passive SDS and positive ventilation were found to be the most commonly used methods. The findings remain inconclusive as to the extent of effectiveness of the mitigation measures. Further research especially in the Gulf region is necessary to help contain its effects on public health.
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Conclusion
This paper provided a review of previous theoretical, experimental, and empirical studies concerning radon indoor air pollution. Emphasis was made on the health impact of radon where it was identified as a significant contributor to lung cancer through its progenies and ranking only second to tobacco. Literature concerning domestic exposure to radon and childhood cancer was found to be inconsistent to prove the relation between the two. Moreover, it was established that different researchers use different methodological approaches such as case control and cohort data. Literature demonstrated that the main impacts of radon on the environment were on air quality and water contamination. In conclusion, exposure to radon and its progenies remains a significant challenge to date. 
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